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Materials and methods
Bacterial strains, plasmids and growth conditions. Bacterial strains and plasmids used in this study are listed in Table S1 . Salmonella enterica serovar Typhimurium strains used in this study are derived from strain 14028s. Phage P22-mediated transductions were performed as described (1). Bacteria were grown at 37°C in Luria-Bertani broth (LB) (2) or N-minimal medium pH 7.7 (3) supplemented with 0.1% Casamino Acids, 38 mM glycerol, and the indicated concentrations of MgCl 2 , and FeSO 4 .
Construction of strain with mutations in regulatory sites of the phoPQ operon.
We constructed a strain in which the PhoP box from the chromosomal phoP promoter region of strain EG13918 was replaced with a -35 consensus promoter sequence (TTGACA) using the one-step gene inactivation method (4). The Km R cassette from plasmid pKD4 was amplified using primers 2868 and 2870 and the resulting PCR product was used to transformed strain EG13917 selecting for Cm R Km R transformants (Fig. S5 ). Primer 2870 (5' AGAACAGTCTAGCGTTGATTATGGTGCTTTGGGGATAAACTGTCAAAGTTATGT AGGCTGGAGCTGCTTCG 3') was designed to have the -35 consensus (TTGACA, underlined) sequences 17 bp upstream of the -10 sequences (CATAAT) in the phoP promoter following priming site 1 of pKD4 ( Fig. S5 ) (4). Primer 2868 (5' TCACCCTCTTTTCTTCAGAAAGAGGGTGACTATTTGTCTGCATATGAATATCCTC 1 CTTAG 3') harbors the upstream sequences of PhoP-binding site attached to priming site 2 of pKD4 ( Fig. S5 ) (4). The mutations were moved into a wild-type 14028s genetic background by phage P22-mediated transduction. Mutation of the phoP promoter region was confirmed by nucleotide sequencing of the resulting strain, which harbored the -35 hexamer, instead of the PhoP box, and encoded the phoP-HA gene. Finally, both Cm R and Km R cassettes were removed using plasmid pCP20 (Fig. S5) 
(4).
Time-course analysis of mRNA expression. Bacterial cells were grown in N-minimal medium (pH 7.7) supplemented with 10 mM MgCl 2 to mid-exponential phase. Cells were concentrated using a small volume of N-minimal medium with 10 mM MgCl 2 . To activate transcription of the PhoP-regulated genes, the cell suspension was diluted to pre-warmed medium, and the concentration of MgCl 2 in the medium was adjusted to 50 µM or 200 µM. For induction of the PmrA/PmrB system, the cells were transferred to minimal medium containing 50 µM MgCl 2 and 100 µM FeSO 4 . Aliquots of cells were removed during growth at the designated times, mixed with RNAprotect Bacteria Reagent (Qiagen) for stabilization of RNA, and total RNA was isolated using RNeasy Kit (Qiagen). After DNase treatment of the total RNA solution, cDNA was synthesized using Omnitranscript Reverse Transcription reagents (Qiagen) and random hexamers.
Quantification of cDNA was carried out using SYBR Green PCR Master Mix (Applied Biosystems), and real-time amplification of PCR product was analyzed using ABI 7000 Sequence Detection System (Applied Biosystems). The relative amount of cDNA was calculated using a standard curve obtained from PCR on serially diluted genomic DNA 2 as templates. mRNA expression levels of target genes were normalized to 16S rRNA expression level. The sequences of the primers used are presented in Table S2 .
Time-course chromatin immunoprecipitation assay. Bacterial cells grown in Nminimal medium with 10 mM MgCl 2 were shifted to the medium containing 50 µM MgCl 2 as described above. Aliquots of cells obtained at the designated times were cross-linked using 1% of formaldehyde, and ChIP assay was performed as described (5).
Briefly, DNA was fragmented to average size of 500 bp by sonication, and protein-DNA complex was immunoprecipitated using polyclonal anti-HA antibody (Sigma) and protein G sepharose (Amersham). Both immnoprecipitated DNA ('IP DNA') and preimmunoprecipitated 'input DNA' were purified using Qiagen PCR purification column, and were quantified using real-time PCR. To obtain values for 'PhoP binding' to a target promoter, the signal ratio of IP/input was normalized to that of the endogenous control, the rpoD promoter, which is not PhoP-regulated (5). All promoter-specific primers are listed in Table S3 .
Time-course Western blot analysis. Bacterial cells encoding the PhoP-HA protein from chromosome were grown in N-minimal medium with 10 mM MgCl 2 to mid-exponential phase then cells were shifted to the medium containing 50 µM MgCl 2 as described above. To determine induction kinetics of the PhoP-HA protein expressed from the plasmid-linked plac promoter derivative, bacterial cells grown in N-minimal medium with 10 mM MgCl 2 were transferred to the medium with 33 µM MgCl 2 and 0.5 mM IPTG. Aliquots of cells were recovered at the designated times and normalized further 3 by the minimal OD 600 . Cell extracts were prepared either by sonication or lysis of cells using B-PER solution (Pierce), resolved on 12% SDS polyacrylamide gel and the PhoP protein was detected using anti-HA antibody as described (5).
Time-course analysis of PhoP and PmrA phosphorylation in vivo. The experiment was performed as described (5) (5) containing high concentrations of SDS (i.e. 4%) and EDTA (i.e. 100 mM) for rapid denaturation and inhibition of the phosphatase activity of sensor kinase (6). Sodium fluoride which is known to be a general inhibitor of phosphatase was also added to the lysis solution (7). After 3 min incubation at room temperature, the mixture was 20-fold diluted with ice-cold IP buffer (50 mM Tris pH 7.5, 0.1 M NaCl, 50 mM EDTA, 1% Triton X-100, 50 mM NaF), centrifuged and the supernatant was used for immunoprecipitation. The PhoP and PmrA proteins was immunoprecipitated using anti-HA and anti-FLAG antibodies (Sigma), respectively, and protein G sepharose (Amersham) at 4°C for 2 hours. Antibody-captured proteins were eluted for 30 min on ice using 30 µl of elution buffer [20 µg of HA-or FLAG-peptide (Sigma) in 50 mM Tris pH 8.0, 138 mM NaCl, 2.7 mM KCl, 10 mM EDTA], and the eluted sample was resolved on 12% SDS polyacrylamide gel. Phosphorylated proteins were detected using autoradiography, and the level of PhoP and PmrA phosphorylation was quantified using a STORM phosphoimager (Molecular Dynamics).
Virulence assay. Bacteria were grown overnight in LB broth at 37°C, pelleted, washed and resuspended in sterile phosphate-buffered saline (PBS). Salmonella-resistant (Ity r ) C3H/HeN female mice were used to assess the virulence of the different Salmonella strains. ~10 3 bacterial cells were injected intraperitoneally into groups of 8-week-old C3H/HeN female mice and survival was recorded for at least for 3 weeks. Fig. S1 . Time-course of mRNA levels of the mgtA, pmrD and pagC genes determined by real-time PCR analysis. Wild-type Salmonella (strain 14028s) was grown in medium containing high (10 mM) Mg 2+ (-5' and earlier), shifted to medium with low (50 µM)
Mg 2+ at time 0, and total RNA was isolated from aliquots of cells obtained at the designated times. Expression levels of the target genes were normalized to that of 16S rRNA gene. Expression levels of the target genes were normalized to that of the 16S rRNA gene. transformants were selected (B). Finally, both Cm R Km R cassettes were removed using pCP20 (4) and the resulting strain was designated as EG14943 (C).
